Evaluating the risk of endograft migration is important for longterm durability of endovascular aneurysm repair (EVAR) technique. In this paper we apply a step-wise coupled finite element approach to evaluate the risk of endograft migration in representative aorta models subjected to in-vivo hemodynamic displacement forces. Device stability is observed to be a strong function of aortic geometry (tortuosity, proximal fixation) with increased tortuosity or lower proximal fixation leading to greater risk of device migration.
INTRODUCTION
EVAR has become the primary method for treatment of Abdominal Aortic Aneurysm (AAA) compared to open repair techniques. However, the long-term stability of EVAR is limited due to device-related failures such as endoleaks and endograft migration ( Figure 1 ). The analysis of endograft stability involves a complex coupling between mechanical (endograft geometry, device oversizing, frictional interaction) and bio-mechanical (hemodynamic forces, aneurysm tortuosity, fixation length) factors. We have developed a finite element framework for evaluating the risk of endograft migration under in-vivo forces by coupling tools from computational solid mechanics (CSM) and computational fluid dynamics (CFD) [1] . In this study, we apply the framework to evaluate the role of aneurysm tortuosity and proximal fixation length on device stability.
METHODS
We generated three representative pre-operative models of AAA ( Figure 2 ): high-curvature (HC), low-curvature (LC), and short-neck (LC). The LC model was taken as the baseline configuration, the HC and SN models varying from the baseline configuration via increased aortic tortuosity and decreased proximal neck length respectively. A representative geometry of nitinol Z-stent and graft was generated to model 10% oversized endografts ( Figure 3) . Each of the AAA models was pre-stressed, numerically fitted with the oversized endograft ( Figure 3) , and then subjected to destabilizing traction forces resulting from in-vivo pressure and blood flow. Mechanical response and frictional interaction of the three deforming bodies was simulated using the commercial CSM package ABAQUS 6.8/Standard (Simulia Inc, RI, USA). Destabilizing traction forces were quantitated via a separate CFD analysis on the post-operative configuration using techniques developed in our lab [2] [3] [4] [5] . The numerical fitting of endograft in aorta, frictional stability analysis, and step-wise fluidstructure coupling between the CSM and CFD analysis is detailed in our work [1] . Figure 4 shows the pre-stressed (i.e., reference) and the unloaded configuration of the baseline model obtained via our "inverse-design" approach [1] . Pre-stressing of the aorta wall prior to application of loads is vital for simulating realistic mechanical and frictional response of aorta-endograft. The fitting of the oversized endograft in the aortic model and the resulting contact interactions between the aorta-graft and stent-graft is a computationally intensive processes requiring careful consideration of meshing and damping parameters. Figure 5 shows the contact pressure developed in the fitted aorta-endograft for the HC, LC, and SN models. Contact is well established for the baseline case both at the proximal and distal ends, which will lead to a stable endograft configuration, while not so for the HC or the SN models. The CFD analysis highlighted the negative impact of aortic tortuosity on the endografts stability. 
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RESULTS

SUMMARY AND CONCLUSION
We have developed a computational framework consisting of a iterative-fluid-structural coupled approach for evaluating the risk of endograft migration using realistic geometries and in-vivo loading. This framework was successfully applied to compare the postoperative stability of endograft in three representative models of AAA. The study demonstrates that computational techniques may improve our ability to identify endograft failure modes and may ultimately assist in future device designs and treatment planning.
